This paper discusses the manner in which Upper Silesian zinc-lead ores of Mississippi Valley type were introduced into, and deposited within, the ore-bearing dolomite, the host rock of the ores. The ore-bearing dolomite is a neosome developed in Triassic carbonates through dolomitization of limestones and recrystallization of primary or early diagenetic dolomites. It contains three types of ore: (1) ore deposited in rock openings; (2) metasomatically emplaced ore; and ($) ore that crystallized in disaggregated, i.e., delithified, dolomite. The ores were emplaced by mineralizing solutions circulating through an aquifer(s) in lithified rocks. The action of these solutions, combined with that of mobilized ground waters, accounts for the formation of the ore-bearing dolomite. The sulfide ores definitely are epigenetic in relation to their host rocks, and there is no evidence that they were ever part of primary bottom sediments. Further, no evidence is known to us of lateral deposition within the Triassic strata. Mineralization worked outward from those rock volumes that contained the greatest abundance of solution voids. Ample geologic evidence, discussed in this paper, confirmed by measurements of temperature ranges for sulfide precipitation, clearly points to ascending hydrothermal solutions as the progenitors of the ore mineralization. These solutions are thought to be responsible for the formation of conspicuous mineralized karst structures (hydrothermal karsts) that are among the most important ore hosts in the Upper Silesian ore district.
Introduction
THE zinc-lead ores of southwestern Poland (Fig. 1) occupy an important place among Mississippi Valleytype deposits. These once were designated as Upper Silesia-Mississippi Valley-type deposits (Dunham, 1950) . In recent years, they have been designated as Cracow-Silesian or Cracovian-Silesian ores because their geographic extent is well beyond the administrative boundaries of Upper Silesia. In this paper, however, we will return to the traditional name and the ores under discussion will be referred to as Upper Silesian ores. The manner in which they were formed is still controversial. The dispute over this subject has followed the development of ideas on the genesis of similar ores all over the world and has centered on two principal questions: hydrothermal as opposed to nonhydrothermal eraplacement and syngenetic as contrasted with epigenetic development of sulfides (for references see Michael, 1918; Ridge and Smo- under oxidizing and, locally, high energy conditions. The lower and uppermost members of the carbonate sequence, as well as the succeeding nonmarine Keuper, contain abundant marly and argillaceous sediments. Accordingly, the mineralized carbonate rocks are confined between two clay-rich units of relatively low permeability. In much of the Upper Silesian region, the Triassic strata overlie the slightly disturbed upper Carboniferous Coal Measures. Along the northern and northeastern margin of the Silesian basin, these strata rest with a transgressive overlap on middle or lower Paleozoic and Precambrian rocks. These rocks are strongly disturbed and make up a positive structural element known as the Myszkow-Cracow elevation (Siedlecki, 1962) . This structural elevation is part of an extensive orogenic belt that includes the remnants of Caledonian structures but, in its present shape, was formed during Variscan movements (see Przenioslo, 1976 ). The elevation is also characterized by the presence of abundant intrusive and volcanic rocks produced during middle and late Paleozoic igneous activity (see Haranczyk, 1979 Haranczyk, , 1980 . The southern flank of the elevation coincides with a deep lineament indicated by gravity anomalies.
The previously mentioned transgressive overlap reflects the relief of the pre-Triassic land surface on which the resistant Devonian carbonate rocks occurred relatively high in topography and formed islands in the Muschelkalk sea. These islands are recorded in the present buried hill topography that is among the notable features of the Upper Silesian ore district. It should be added that the amount of early diagenetic dolostones in the Triassic sequence markedly increases toward these paleo-relief elevations.
The tectonics of the Triassic strata are relatively simple. Over large areas, these strata are almost fiat lying, and their dips seldom exceed 5 ø . These strata were first affected by early Cimmerian movements at the close of Triassic time and prior to the Jurassic cycle of sedimentation; these movements produced broad undulations. Faults that are indisputably related to the early Cimmerian movements hitherto were known only from the area to the east of the Upper Silesian ore district. These movements (postJurassic, pre-Middle Cretaceous) resulted in slight uplifts accompanied by weak unconformities. Major tectonic faulting occurred in early Tertiary time and during the Miocene. The latter movements developed horst and graben structures (Dzulynski, 1955) . These grabens were filled by Miocene marine clays both while the structures were being formed and after faulting had ceased.
The Triassic carbonate rocks were first exposed to intensive karstification in early Jurassic time. A second and extensive karstification and weathering occurred in early Tertiary time, prior to the middle Miocene marine transgression.
The Ore-Bearing Dolomite
A distinct unit of Triassic strata in the Upper Silesian district is the ore-bearing dolomite, the host rock of the sulfide ores. The origin of this dolomite has long been disputed. With few exceptions (e.g., AIthans, 1891; Gruszczyk, 1967; Smolarska, 1968) , the general concensus today is that it is epigenetic. This opinion has been strengthened by recent investigations of contact relationships between the dolomite and the remaining Triassic carbonates (Bogacz and Subczynski, 1972) .
The ore-bearing dolomite occurs in the form of extensive, roughly tabular bodies, whose horizontal dimensions greatly exceed the vertical ones. These bodies show metasomatic and crosscutting contacts with surrounding limestones (Figs. $ and 4) and, especially, with early diagenetic dolostones (Bogacz and Subczynski, 1972; Bogacz et al., 1975) . Consequently, the dolomite is a neosome with respect to the remaining Triassic carbonates, which will be referred to as the palcosome. This neosome, which is made up of a mosaic of hypidiomorphic crystals, tends to occur on the west side of the previously mentioned Myszkow-Cracow elevation, where the original facies of the Muschelkalk was predominantly primary dolostone; it is conspicuously absent in other regions. Although the dolomite covers a considerable area, its distribution, as compared with that of the remaining Triassic carbonate rocks, is very limited.
Geologists who have studied the Upper Silesian ores have not reached agreement on the mode of formation of the dolomite and, what is particularly pertinent to our discussion, its relationship to the ores. Whereas for most investigators, the dolomite and the ores are products of the same formative processes, some authors (Assmann, 1926; Galkiewicz, 1967; Sliwinski, 1969) The ore-bearing dolomite resulted from dolomitization of limestones and recrystallization of early diagenetic dolostones that existed in the space now occupied by the neosome. It has been suggested that the Mg ions required for dolomitization of limestones were derived, to a considerable degree, from the early diagenetic dolomites. These ions, freed during the transformation of such dolomites and the eraplacement of sulfides, were actively involved in the dolomitization of limestones (Bogacz and Sobczynski, 1975 ).
The ore-bearing dolomite originated from a succession of metasomatie processes and its genesis is related to the transfer (movement) of aqueous solutions through the Triassic aquifer. There is ample evidence that these were ascending hydrothermal solutions (see below). Their action, presumably combined with that of mobilized ground waters, may account for the formation of the ore-bearing dolomite (Bogaez and Sobezynski, 1975).
The age of the ore-bearing dolomite is still in dispute, depending on the mode of origin adopted. The geologic evidence, however, indicates that the bulk of this dolomite was formed after the deposition of the Musehelkalk but prior to the Jurassic cycle of sedimentation (Petraseheek, 1918). During early Jurassic time, it was exposed to weathering and karstifieation.
The dolomite exhibits a multitude of cracks of diverse origin. Some of these cracks are related to stress redistribution resulting from the formation of this neosome. Accordingly, it is very susceptible to brittle failure. This had an important bearing upon the development of orebodies. Such an interpretation is in disagreement with the results of studies on the isotopic composition of sulfur (Haranczyk, 1979) and, as we shall see later, is entirely inconsistent with essentially all, if not all, available evidence. We note here that many questions concerning the mineralogy and geochemistry of the Upper Silesian ores might have been clarified if the samples taken had been located in relation to specific ore structures. This, however, has seldom, if ever, been done.
Mineralogy and Age of Mineralization
We have, as yet, no conclusive information on the absolute age of ores in the host dolomite (Borucki, 1978) . Geologic evidence permits only a rough estimation of the age of mineralization. Consequently, considerable diversity of opinion exists on this subject.
The ores most certainly are older than the Neogene. Pertinent to our considerations is the fact that the Paleozoic and Precambrian rocks underlying the Triassic strata contain abundant, although not mineable, occurrences of polymetallic sulfide ores. The principal minerals of these ores include, among others, chalcopyrite, pyrite, marcasite, sphalerite, and arsenopyrite (Gorecka, 1975; Haranczyk, 1979) . The ores occur in steep veins of considerable vertical extent, sulfide ores having been reported from drill records to a depth of more than 1,000 m (Banas and Piekarski, 1978). The hydrothermal and epigenetic character of these ores has never been seriously questioned. Significantly, these ores are surrounded by secondary dolomites that, in many respects, are similar to those in the Triassic (Kuzniar, 1929; Haranczyk, 1970; Narkiewicz, 1979 Gustkiewicz, 1980 ). In the following discussion, however, attention is focused on the orebodies proper.
The irregularly shaped, roughly tabular, and/or nestlike orebodies may assume various positions within the dolomite. There seems to be, however, a tendency for some of these orebodies to occur along three levels or ore horizons (Duwensee, 1929; Zwierzycki, 1950 In general, the orebodies reveal the following sequence of events: (1) formation of the host dolomite and emplacement of disseminated sulfides, (2) replacement of the dolomite by sulfides, and (3) dissolution of the dolomite and emplacement of cavityfilling ores. To a considerable extent, these processes were contemporaneous, recurrent, and overlapping, but as a whole, they occurred in this order (similar situations have been reported from other carbonatehosted ores, e.g., Bain et al., 1901) . The disaggregation and the emplacement of ores in disaggregated rocks preceded, accompanied, or followed the formation of metasomatic and cavity-filling ores; all three are integral parts of one formative process.
Ores in Disaggregated Dolomites
Although their volume is insignificant, the sulfide ores associated with granular disaggregation (delithification) of carbonate rocks are important for the insight they provide on the origin of some ore structures in carbonate-hosted deposits. Dolomites and, to a lesser extent, limestones are known to disaggregate into a friable and porous mass of grains through recrystallization and subsequent dissolution along crystal edges. Such disaggregation is promoted by the disrupting action of crystallizing salts and is chiefly effected by slow nonintegrated movement of aqueous solutions of any origin and temperature. The products of disaggregation are commonly referred to as sanded 
fracturing, diffusion fronts, or some other controlling
factors not yet recognized. The coexistence, in one single metasomatic orebody, of inherited and newly produced ore patterns is common. Such a coexistence is regarded as one of the paradoxes displayed by metasomatie processes (Pospelov, 1978) . It should be added that where sulfide mineralization is very strong, the ribbon pattern becomes increasingly more complicated, and the associated solution voids become larger and highly irregular.
Metasomatic galena ores
In most instances, these ores are massive and show sharp crosscutting contacts with the enclosing dolomite (Fig. 11) . Galena preferentially replaces sphalerite. The host dolomite is rarely subject to galena replacement; this is observed only where all the available sphalerite had already been replaced. Accordingly, the metasomatic galena bodies postdate the formation of the sphalerite ores (Sass-Gustkiewicz, 1975). Summarizing, the metasomatic sphalerite and galena ores are distinctly epigenetic with respect to the palcosome. Emphasis is placed on the fact that there is no evidence of lateral secretion from areas of disseminated mineralization to more massive sulfide volumes, nor is there any trace of leaching that such secretion would entail. The only conclusion that can be drawn from the exposures examined is that sulfide replacement proceeded outward from areas of maximum mineralization which, in most instances, are also characterized by an abundance of solution voids.
Cavity-Filling Ores
Much of the sulfide ore in the ore-bearing dolomite is contained in rock openings. Such ores include sulfide precipitates and internal, ore-bearing sediments. 
Internal elastic sediments
The sediments, filling the rock openings in the orebearing dolomite consist of solutional residues, disaggregated dolomite grains, elastic ore fragments, and authigenic sulfide crystals. Such sediments may show sedimentary structures and soft rock deformation (Fig. 15) that are known to occur in external sediments laid down on the sea floor. In some instances, the amount of elastic ore fragments and authigenic sulfide minerals is so high that the internal sediments may be spoken of as sedimentary ores (Fig.  16) (Sass-Gustkiewicz, 1975b) 
Mineralized karst breccias
The previously mentioned, direct genetic relationship between hydrothermal sulfide ores and underground karst structures can best be observed in solution collapse breccias. The development of such breccias is promoted by the fractured character of the ore-bearing dolomite and vestiges of stratification that are inherited from the paleosome. The breccias in question occur at different places within the dolomite, but preferentially they tend to develop along the lower metasomatic boundary of this neosome (Fig. lS) . Kuzniar (1929) . However, the karstic nature of these structures was largely ignored and, until the work by Ridge (1968 The ore-bearing breccias in the dolomite are similar to those described from other Mississippi Valleytype deposits. They consist of angular dolomite fragments with interstices filled with sulfide ores and/or finer rock matrix of the same composition as that of the large blocks (Fig. 19) . The breccias fall into two categories: the self-supported breccias in which the larger fragments are in contact with one another and mineralized breccia body. However, yet unrecognized factors also may account for the fact that some parts of the breccia bodies were more receptive to ores than the others (Ridge, 1968) .
The solution collapse origin of the breccias under consideration was recognized by Hewett (1928) and
In some instances, dissolving and mineralizing solutions have spread through already-formed breccia structure in such a way that the finer rock matrix was dissolved in preference to larger rock fragments. This (Fig. 22) (Dietrich and Mehner, 1961) . Also, the disruption of dolomite fragments that are partly or entirely enclosed in a mass of disaggregated dolomitic particles should be noted (Fig. 7) were produced when the strata were horizontal, the resulting tightly filled fractures will bear a striking similarity to ordinary sedimentary intercalations with which they have often been confused (Fig. 15) . Valley-type deposits. However, they deserve attention because of the impact they have had on the dispute concerning the origin of many carbonate-hosted deposits, i.e., if filled with internal sediments, they bear a superficial and confusing similarity to submarine scour-and-fill structures. In our opinion, all the alleged erosion furrows containing clastic fragments of ores and cited as evidence of a syngenetic origin of alpine and other deposits (Schneider, 1964 The question that now arises is the position of hYdrothermal karst ores with respect to metasomatic deposits and to those emplaced in disaggregated dolomites. As is well known, the granular disaggregation of carbonate rocks can be developed by other than karst processes. Disaggregation or sanding is, however, among the characteristic wall-rock alterations of recent hydrothermal caves that were produced by hot solutions (Jakucs, 1977) . Consequently, the sulfide ores in the disaggregated carbonate rocks may be considered to be hydrothermal karst ores, provided the sulfides are hydrothermal and the disaggregation is visibly related to indisputable hydrothermal karst ores.
Although metasomatie wall-rock alteration is known to be associated with karst structures of hydrothermal and cold meteoric origin, it would be wrong to in- To understand the essentially parallel bedding character of Upper Silesian deposits as well as of other Mississippi Valley-type ores, it is important to emphasize that the emplacement of these ores occurred in nearly horizontal strata. In addition, the relief of the region at the time of ore emplacement was very low, as was its elevation above sea level. Hence, the bedding surfaces are the most important factors controlling the transfer of underground solutions and the formation of karst cavities. In seeking an explanation for the localization of ores along specific levels within the carbonate aquifer additional factors should be taken into account. One is the original resistivity to fluid motion and the porosity of the layers involved (Haranczyk, 1968) As already noted, the morphologies of the sulfide precipitates belonging to the main stage of mineralization are mostly indicative of phreatic conditions. The question that arises is whether the local and rare vadose forms belong to the same stage of mineralization or are products of later alterations superim-posed upon the deposited ore (e.g., remobilization).
Another fact that may bear on the ore genesis is that in this one ore-bearing area the pre-Triassic basement contains an abundance of igneous rocks. The basement rocks of the remainder of the Silesian basin to the southwest and of the Miechow-Sandomierz basin to the east are composed essentially of nonigneous rocks, and the Triassic rocks in the nonigneous areas contain no orebodies. Of course, all these igneous rocks are older than the Triassic. However, the possibility of later but deeply seated and unknown igneous activity, of which the ores may be the only evidence, must be considered. Also the possibility that Triassic ore-forming fluids were the last phase of Paleozoic igneous activity should be given attention (Prseniolo, 1976) . The presence of Triassic-type minerals in veins in the Devonian carbonates lends some support to one or the other of these two concepts.
As was mentioned at the beginning of this paper, such problems as: the source of the ore-forming fluids, the manner in which they carried their metals and sulfur, the reasons for the paragenetic sequences in which the minerals were deposited, the causes of the varied contents of trace elements in the variety of sulfide minerals in general and in the specific stages of mineral paragenesis, the meaning of the uniformity of lead isotope ratios, and the study of oxygen isotopes, particularly in dolomite, are largely beyond the scope of this paper. Nevertheless, the study, and eventually the solution, of these problems remains vital to a complete understanding of the ore-forming mechanisms that resulted in the emplacement of the Upper Silesian ores. sulfides were deposited. These processes were essentially contemporaneous, recurrent, and overlapping but, in the larger sense, occurred in the order given. All five processes were parts of one major formative event.
Presumptive evidence exists that the ore fluids entered the Triassic aquifer along the northeast margin of the Silesian basin and then spread south and southwest through the more permeable formations. It also appears certain that these solutions were hot and ascending. Further than this we cannot and should not speculate here; specifically, we are not yet prepared to present a firm position as to how and where the ore-forming fluids obtained their heat, metals, and sulfur, but the problem remains one that demands additional study.
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